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BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a communication system which voice- 
code-compresses and transmits a voice signal from a voice terminal apparatus of a 
telephone terminal apparatus or a private branch exchange (hereinafter referred to 
as PBX) or the like, and particularly to a DTMF signal transmission method and 
communication apparatus for accurately transmitting a dual tone multi-frequency 
(hereinafter referred to as DTMF) signal including a push button (hereinafter 
referred to as PB) signal. 



2. Description of the Related Art 

Up to now, a communication system which voice-code-compresses and 
transmits a voice signal to the opposite side by means of a communication 
apparatus such as a multiplexer and the like has also voice-code-compressed and 
transmitted a DTMF signal such as a PB signal and the like sent from a telephone 
terminal apparatus as well as an ordinary voice signal to the opposite 
communication apparatus. That is to say, a communication apparatus at the 
transmission side voice-code-compresses and transmits as an ordinary voice signal 
a DTMF signal without paying a particular attention, and on the other hand, a 
communication apparatus at the reception side voice-code-expands and restores the 
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received voice-code-compressed signal to a voice signal (DTMF signal) and sends it 
to a voice terminal apparatus of a PBX or the like, and the voice terminal 
apparatus judges and recognizes the code of the DTMF signal and performs a 
specified operation. 

Like the above-mentioned prior art, however, in case of compressing and 
expanding a DTMF signal as one of voice signals, there has been a problem that a 
DTMF signal (voice signal) expanded by a communication apparatus at the 
reception side is out of a reception rule and is sometimes not recognized as a DTMF 
signal by a voice terminal apparatus side of a PBX and the like. 

And in case of transmitting a DTMF signal, there has been a problem that 
since a communication apparatus side which has received a DTMF signal needs a 
judgement time for judging the DTMF signal and the DTMF signal is transmitted 
to the opposite voice terminal apparatus as a voice signal during the judgement 
time, a DTMF signal restoring side obtains a DTMF sound by expanding a voice- 
code-compressed DTMF signal and then restores a DTMF signal obtained by 
decoding a DTMF signal and thus the DTMF sound obtained by expanding a voice- 
code-compressed signal sometimes comes to be out of a reception rule for a DTMF 
signal and sometimes is not recognized as a DTMF signal by a voice terminal 
apparatus side of a PBX or the like. 

An object of the invention is to provide a DTMF signal transmission 
method and communication apparatus capable of judging/recognizing a DTMF 
signal without error by means of a communication apparatus at the reception side 
(voice terminal apparatus) even in case of transmitting the DTMF signal by means 
of a communication apparatus for performing a voice code compression. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is characterized by a communication apparatus 
connected to a voice terminal apparatus and a communication channel, said 
communication apparatus comprising; 

a voice code compressing means for generating voice information by code- 
compressing a voice signal from said voice terminal apparatus and sending out this 
voice information to said communication channel, 

a voice code expanding means for generating a voice signal by code- 
expanding compressed voice information from said communication channel and 
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sending out this voice signal to said voice terminal apparatus, 

a detecting means for detecting whether or not a DTMF signal is contained 
in a voice signal from said voice terminal apparatus, 

a DTMF coding means for, when said detecting means has detected a 
DTMF signal, generating DTMF information by coding the said DTMF signal into 
a specified form and sending out this information to said communication channel, 

a DTMF decoding means for decoding coded DTMF information from said 
communication channel, and 

a DTMF generating means for generating a DTMF signal on the basis of 
the content decoded by said DTMF decoding means and sending out this DTMF 
signal to said voice terminal apparatus. 

And the present invention is characterized by a communication system 
comprising a transmission side voice terminal apparatus, a transmission side 
communication apparatus for connecting said transmission side voice terminal 
apparatus, a reception side voice terminal apparatus and a reception side 
communication apparatus for connecting said reception side voice terminal 
apparatus in which communication system said transmission side communication 
apparatus and said reception side communication apparatus are connected through 
a communication channel to each other, wherein; 

said transmission side communication apparatus is provided with; 

a voice code compressing means for generating voice information by code- 
compressing a voice signal from said transmission side voice terminal apparatus 
and sending out this voice information to said communication channel, 

a detecting means for detecting whether or not a DTMF signal is contained 
in a voice signal from said transmission side voice terminal apparatus, and 

a DTMF coding means for, when said detecting means has detected a 
DTMF signal, generating DTMF information by coding the said DTMF signal into 
a specified form and sending out this DTMF information to said communication 
channel, and 

said reception side communication apparatus is provided with; 

a voice code expanding means for generating a voice signal by code- 
expanding compressed voice information from said communication channel and 
sending out this voice signal to said reception side voice terminal apparatus, 

a DTMF decoding means for decoding coded DTMF information from said 
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communication channel, and 

a DTMF generating means for generating a DTMF signal on the basis of 
the content decoded by said DTMF decoding means and sending out this DTMF 
signal to said reception side voice terminal apparatus. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a system configuration diagram showing the whole 

configuration of a system of the present invention. 

Figure 2 is a block diagram showing the internal configuration of an ATM 

multiplexer according to an embodiment of the present invention. 

Figure 3 is a diagram showing the basic composition of an ATM cell AAL2 

format. 

Figure 4 is a diagram showing the basic composition of a common path 
sub-layer protocol data unit payload portion shown in Figure 3. 

Figure 5 is a diagram showing a concrete composition of a common path 
sub-layer packet payload portion for a DTMF cell. 

Figure 6 is an operation sequence diagram for explaining a first 
embodiment in relation to operation of a DTMF transmission method of the present 
invention. 

Figure 7 is an operation sequence diagram for explaining a second 
embodiment in relation to operation of a DTMF transmission method of the present 
invention. 

Figure 8 is a diagram showing the composition of a system and ATM 
multiplexer making it possible to optionally set a guard time of a DTMF signal 
monitoring portion. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention are described in detail with 
reference to the drawings in the following. 

Figure 1 is a system configuration diagram showing the whole 
configuration of a system of the present invention. In Figure 1, the system 
comprises an ATM multiplexer 1 at one side, an ATM multiplexer 2 at the other 
side, an ATM network 3 for connecting the ATM multiplexers 1 and 2, a PBX 4 
connected to the ATM multiplexer 1, a PBX 5 connected to the ATM multiplexer 2, 
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a plurality of extension telephones 44 accommodated in the PBX 4, a plurality of 
extension telephones 54 accommodated in the PBX 5, an electronic mail apparatus 
58 accommodated in the PBX 5, a public network 6 for connecting the ATM 
multiplexers 1 and 2, a centralized management terminal apparatus 7 connected to 
the public network 6, a management terminal apparatus 8 connected to the ATM 
multiplexer 1, and a management terminal apparatus 9 connected to the ATM 
multiplexer 2. 

The ATM multiplexer 1 voice-code-compresses a series of voice signals 
from the PBX 4 and then makes them into an ATM cell and transmits it to the 
ATM network 3, and decells (decomposes) the ATM cell received from the ATM 
network 3 and then voice-code-expands and restores the decelled ATM cell to a 
series of voice signals and transmits them to the PBX 5. And in the same way, the 
ATM multiplexer 2 voice-code-compresses a series of voice signals from the PBX 5 
and then makes them into an ATM cell and transmits it to the ATM network 3, and 
decells (decomposes) the ATM cell received from the ATM network 3 and then 
voice-code-expands and restores the decelled ATM cell to a series of voice signals 
and transmits them to the PBX 4. 

The PBX 4 freely performs switching and connecting operations between 
the extension telephones 44 or between the extension telephones 44 and the ATM 
multiplexer 1, and similarly the PBX 5 freely performs switching and connecting 
operations between the extension telephones 54, between the extension telephones 
54 and the ATM multiplexer 2, between the extension telephones 54 and the 
electronic mail apparatus 58, or between the ATM multiplexer 2 and the electronic 
mail apparatus 58. 

Describing them in more detail, the PBX 4 is provided with a speech path 
switch (SW) 41, an extension circuit (LIN) 43 connected to the speech path switch 
41, a trunk circuit (TRK) 42 connected to the speech path switch 41, a central 
control unit (CC) 45, and a main memory (MM) 46. 

The speech path switch 41 freely connects to each other and establishes a 
speech path between the extension circuits 43 or between the extension circuits 43 
and the trunk circuit 42, the extension circuit 43 has an interface function for 
controlling connection between the extension telephones 44, and the trunk circuit 
42 has an interface function for controlling connection with the ATM multiplexer 1. 
Moreover, the central control unit 45 controls the whole PBX 4 including the 
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speech path switch 41, the extension circuits 43 and the trunk circuit 42, and the 
main memory 46 stores station data, tables, processing programs and the like 
required for the central control unit 45 to control the whole PBX 4. 

The PBX 5 is provided with a speech path switch (SW) 51, an extension 
circuit (LIN) 53 connected to the speech path switch 51, a trunk circuit (TRK) 52 
connected to the speech path switch 51, a mail interface circuit (I/F) 57 connected 
to the speech path switch 51, a central control unit (CC) 55, and a main memory 
(MM) 56. 

The speech path switch 51 freely connects to each other and establishes a 
speech path between the extension circuits 53, between the extension circuits 43 
and the trunk circuit 52, between the extension circuits 53 and the mail interface 
circuit 57 or between the trunk circuit 52 and the mail interface circuit 57. The 
extension circuit 53 has an interface function for controlling connection between 
the extension telephones 54, and the trunk circuit 52 has an interface function for 
controlling connection with the ATM multiplexer 2, and the mail interface circuit 
57 has an interface function for controlling connection with the electronic mail 
apparatus. Moreover, the central control unit 55 controls the whole PBX 5 
including the speech path switch 51, the extension circuits 53, the trunk circuit 52 
and the mail interface circuit 57, and the main memory 56 stores station data, 
tables, processing programs and the like required for the central control unit 55 to 
control the whole PBX 5. 

And in such a composition as this, the ATM multiplexer 1 and the ATM 
multiplexer 2 perform an ATM communication between them through the ATM 
network 3. 

Therefore, between the extension telephones 44 and the extension 
telephones 54 or between the extension telephones 44 and the electronic mail 
apparatus 58 a communication connection of a voice signal (speech connection) can 
be performed through the PBX 4, the ATM multiplexer 1, the ATM network 3, the 
ATM multiplexer 2 and the PBX 5. 

And the centralized management terminal apparatus 7, which manages 
centrally the ATM multiplexers 1 and 2 at a remote site, is connected to the ATM 
multiplexers 1 and 2 through the public network 6, sets various kinds of setting 
information necessary for operation of the ATM multiplexers 1 and 2, and monitors 
a communication status (failure information) of the ATM multiplexers 1 and 2. 
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Furthermore, the management terminal apparatus 8, which manages the 
ATM multiplexer 1, sets various kinds of setting information necessary for 
operation of the ATM multiplexer 1 and monitors a communication status (failure 
information) of the ATM multiplexer 1, and in the same way, the management 
terminal apparatus 9, which manages the ATM multiplexer 2, sets various kinds of 
setting information necessary for operation of the ATM multiplexer 2 and monitors 
a communication status (failure information) of the ATM multiplexer 2. 

Figure 2 is a block diagram showing the internal composition of an ATM 
multiplexer according to an embodiment of the present invention. 

In Figure 2, the ATM multiplexers 1 and 2 have the same composition as 
each other, and the ATM multiplexers 1 and 2 are respectively composed of trunk 
circuit interface portions 101 and 201, DTMF signal detecting portions 102 and 202, 
DTMF signal monitoring portions 103 and 203, voice code compressing portions 
104 and 204, DTMF cell generating portions 105 and 205, voice cell generating 
portions 106 and 206, cell multiplexing portions 107 and 207, ATM network 
interface portions 108 and 208, cell demultiplexing portions 109 and 209, DTMF 
cell decomposing portions 110 and 210, voice cell decomposing portions 111 and 211, 
output information switching portions 112 and 212, DTMF signal generating 
portions 113 and 213, voice code expanding portions 114 and 214, silence 
generating portions 115 and 215, selectors (a) 116 and 216, and selectors (b) 117 
and 217. 

The trunk circuit interface portion 101 or 201, which is an interface 
portion for communication-connecting the PBX 4 or 5 (trunk circuit 42 or 52) with a 
voice signal, sends out a voice signal from the PBX 4 or 5 to the DTMF signal 
detecting portion 102 or 202 and the voice code compressing portion 104 or 204, 
and sends out a voice signal from the selector (b) 117 or 217 to the PBX 4 or 5. 

The DTMF signal detecting portion 102 or 202 detects whether or not a 
DTMF signal is contained in a voice signal obtained from the trunk circuit 
interface portion 101 or 201, sends out the detection result as a first DTMF 
detection signal to the DTMF signal monitoring portion 103 or 203 and the DTMF 
cell generating portion 105 or 205, and keeps the first DTMF detection signal in an 
ON state when a DTMF signal is detected, and keeps the first DTMF detection 
signal in an OFF state when a DTMF signal is not detected. 

The DTMF signal monitoring portion 103 or 203 receives a DTMF signal 
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coming through the DTMF signal detecting portion 102 or 202 and a first DTMF 
detection signal obtained from the DTMF signal detecting portion 102 or 202. And 
it samples the obtained first DTMF detection signal and measures a time from the 
directly previous signal change point (when the signal has changed from an ON 
state to an OFF state, or when the signal has changed from an OFF state to an ON 
state) to the next (new) signal change point, and sends out this time as signal 
change detection time information to the DTMF cell generating portion 105 or 205. 

And the DTMF signal monitoring portion 103 or 203 always detects and 
analyzes a DTMF signal, and sends out the detection result and the analysis result 
to the DTMF cell generating portion 105 or 205. Namely, it sends out the 
detection content of a DTMF signal as a second DTMF detection signal to the 
DTMF cell generating portion 105 or 205, and keeps the second DTMF detection 
signal in an ON state when a DTMF signal is detected, and keeps the second 
DTMF detection signal in an OFF state and notifies the DTMF cell generating 
portion 105 or 205 of value information of the DTMF signal (DTMF code 
information) as the analysis result of the DTMF signal when a DTMF signal is not 
detected. 

The DTMF signal monitoring portion 103 or 203 has a function of notifying 
the DTMF cell generating portion 105 or 205 of DTMF signal status information 
showing a state where a DTMF signal is periodically detected at intervals of a 
predetermined period of time (for example, intervals of one second) or a state where 
it is not detected. 

The DTMF cell generating portion 105 or 205, which generates an ATM 
cell on the basis of a first DTMF detection signal obtained from the DTMF signal 
detecting portion 102 or 202, signal change detection time information obtained 
from the DTMF signal monitoring portion 103 or 203, a second DTMF detection 
signal and value information of a DTMF signal (DTMF code information), sends 
out an ATM cell containing identification information representing a DTMF cell 
and content information of a DTMF signal as information for sending out an 
original DTMF signal. A detailed composition of the format of an ATM cell for 
transmission of a DTMF signal (hereinafter referred to as a DTMF cell) is 
described later. 

The voice code compressing portion 104 or 204 voice-code-compresses a 
voice signal obtained from the trunk circuit interface portion 101 or 201 according 
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to a specific rule and algorithm and sends out it to the voice cell generating portion 
106 or 206. 

The voice cell generating portion 106 or 206, which receives a voice-code- 
compressed voice signal from the voice code compressing portion 104 or 204 and 
generates an ATM cell on the basis of this, sends out as voice information an ATM 
cell containing identification information representing a voice cell and content 
information of a voice-code-compressed voice signal. A detailed composition of the 
format of an ATM cell for transmission of a voice signal (hereinafter referred to as 
a voice cell) is described later. 

The cell multiplexing portion 107 or 207 multiplexes ATM cells from the 
DTMF cell generating portion 105 or 205 and the voice cell generating portion 106 
or 206 in order of occurrence, and sends out them to the ATM network interface 
portion 108 or 208. 

The ATM network interface portion 108 or 208 makes a physical, electrical 
and logical matching state with the ATM network 3, sends out an ATM cell 
received from the cell multiplexing portion 107 or 207 to the ATM network 3 and 
transmits the ATM cell to the ATM multiplexer 1 or 2 as the opposite apparatus, 
and sends out an ATM cell received through the ATM network 3 from the ATM 
multiplexer 1 or 2 as the opposite apparatus to the cell demultiplexing portion 109 
or 209. 

The cell demultiplexing portion 109 or 209 recognizes and classifies an 
ATM cell received from the ATM network interface portion 108 or 208 according to 
its cell class, and sends out the ATM cell to the DTMF cell decomposing portion 110 
or 210 in case that the ATM cell is a DTMF cell, and sends out the ATM cell to the 
voice cell decomposing portion 111 or 211 in case that the ATM cell is a voice cell. 

The DTMF cell decomposing portion 110 or 210, when it receives a DTMF 
cell, performs an ATM header process including recognition whether or not the 
DTMF cell is directed to its own apparatus and a cell-loss judgement (error 
detection), and a CPS-PH process including a channel identification and a sequence 
number judgement (error detection), and then recognizes/analyzes the content 
information of a DTMF signal contained in the received DTMF cell and notifies the 
DTMF signal generating portion 113 or 213 of the signal change detection time of 
the DTMF signal and value information of the DTMF signal (DTMF code 
information) and notifies the output information switching portion 112 or 212 of a 
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selector control signal for controlling the selector (a) 116 or 216 and the selector (b) 
117 or 217. 

The voice cell decomposing portion 111 or 211, when it receives a voice cell, 
performs an ATM header process and a CPS-PH process in the same way as the 
DTMF cell decomposing portion 110 or 210, and then extracts a voice-code- 
compressed voice signal and sends out this signal to the voice code expanding 
portion 114 or 214. 

The output information switching portion 112 or 212 controls outputs of 
the selector (a) 116 or 216 and the selector (b) 117 or 217 according to a selector 
control signal received from the DTMF signal decomposing portion 110 or 210, and 
switches over the content of a voice signal to be outputted through the trunk circuit 
interface portion 101 or 201 to the PBX 4 or 5. 

The DTMF signal generating portion 113 or 213 receives signal change 
detection time information and DTMF value information (DTMF code information) 
from the DTMF cell decomposing portion 110 or 210, generates a DTMF signal 
corresponding to the DTMF value information (DTMF code information), and sends 
out this DTMF signal to the selector (b) 117 or 217 during the same time as a time 
notified as signal change detection time information. 

The voice code expanding portion 114 or 214 voice-code-expands a voice- 
code-compressed voice signal received from the voice cell decomposing portion 111 
or 211 and sends out the voice signal to the selector (a) 116 or 216. 

The silence generating portion 115 or 215 always generates and sends out 
a silence signal to the selector (a) 116 or 216. The silence signal is a signal with 
which a human being can feel a silent state without uncomfortableness when it 
listens to a voice, and generally uses a low-level noise signal. 

The selector (a) 116 or 216 sends out to the selector (b) 117 or 217 either 
one of a voice signal from the voice code expanding portion 114 or 214 and a silence 
signal from the silence generating portion 115 or 215 according to control from the 
output information switching portion 112 or 212. 

And the selector (b) 117 or 217 sends out to the trunk circuit interface 
portion 101 or 201 either one of a DTMF signal from the DTMF signal generating 
portion 113 or 213 and a voice signal or a silence signal from the selector (a) 116 or 
216. 

Next, the format composition of an ATM cell used in the present invention 



002.1150356.1 



- 10 - 



is described. 

Figure 3 is a diagram showing the basic composition of an ATM adoption 
layer 2 (AAL2) cell format. In Figure 3, an AAL2 cell is composed of an ATM 
header portion F301 of 5 bytes, a start field (STF) portion F302 of 1 byte, and a 
common path sub-layer protocol data unit payload (CPSPDU Payload) portion 
F303 of 47 bytes for storing concrete content information of a voice signal or a 
DTMF signal to be transferred. 

The ATM header portion F301 is composed of a GFC domain of 4 bits, a 
VPI domain of 8 bits, a VCI domain of 16 bits, a PT domain of 3 bits, a CLP domain 
of 1 bit and an HEC domain of 8 bits, as prescribed in ITU-T Recommendations 
1.361 "Broad-band ISDN ATM Layer Specifications". 

And the STF portion F302 is composed of an OSF domain of 6 bits for 
specifying the storing location of a common path sub-layer protocol data unit 
portion, an SN domain of 1 bit for storing a sequence number and a P domain of 1 
bit for storing a parity bit. The composition of the common path sub-layer protocol 
data unit payload portion F303 of Figure 3 is described with reference to Figure 4. 

Figure 4 is a diagram showing the format composition of the common path 
sub-layer protocol data unit payload portion F303 shown in Figure 3. In Figure 4, 
symbol (a) is a diagram showing the format composition of the CPS-PDU Payload 
portion for a voice cell used when transmitting a voice and a voice signal such as a 
facsimile signal or the like, and (b) is a diagram showing the format composition of 
the CPS-PDU Payload portion for a DTMF cell used when transmitting a DTMF 
signal and a DTMF signal containing an SS/SR signal. 

In Figure 4(a), the CPS-PDU Payload portion for a voice signal is almost in 
conformity to ITU-T Recommendations 1.363.2 "B-ISDN ATM Adoption Layer Type 
2", and is composed of a common path sub-layer packet header (CPS-PH) portion 
F401 and a common path sub-layer packet payload (CPS-PP) portion F402. 

The CPS-PH portion F401 represents a cell class, and is composed of a cell 
identification (VF) domain of 2 bits for storing an identifier "00" when the content 
of a voice signal to be transmitted is an ordinary voice signal and storing an 
identifier " 10" when the content of a voice signal is a facsimile signal, a channel 
identification (CID) domain of 6 bits for storing a channel identifier, a length 
indicator (LI) domain of 6 bits for storing information representing a range of 
effective information, a sequence number (SN) domain of 4 bits for storing frame 
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number information of a voice signal and a header error control (HEC) domain of 5 
bits for storing error control information, and the common path sub-layer packet 
payload portion F402 is composed as a voice code information storing domain for 
storing a voice-code-compressed voice signal. 

A voice cell containing the CPS-PDU Payload portion for a voice cell is generated 
by the voice cell generating portion 106 or 206 shown in Figure 2. 

In Figure 4(b), the CPS-PDU Payload portion for a DTMF cell is composed 
of a CPS-PH portion F403 and a CPS-PP portion F404 similarly to Figure 4(a). 

The CPS-PH portion F403 has the same composition as the CPS-PH 
portion F401 of Figure 4(a), but in case that the CPS-PDU Payload portion is a 
portion used for a DTMF cell, an identifier "11" is stored in the VF domain, said 
identifier showing that this ATM cell is a DTMF cell and information related to a 
DTMF voice signal or information of an SS/SR signal is stored in the CPS-PP 
portion F404. And the CPS-PP portion F404 is composed of an SS/SR domain for 
storing an SS/SR control signal, a signal change detection time (DTMF TIME) 
domain for storing the signal change detection time measured by the DTMF signal 
monitoring portion 103 or 203, a DTMF signal existence (DV) domain for storing a 
DTMF signal existence signal, and a DTMF code (DTMF CODE) domain for storing 
DTMF value information (DTMF code information). A DTMF cell containing the 
CPS-PDU Payload portion for a DTMF cell is generated by the DTMF cell 
generating portion 105 or 205 shown in Figure 2. 

Figure 5 is a diagram showing a concrete composition of the CPS-PP 
portion F404 in the CPS-PDU Payload for a DTMF cell shown in Figure 4(b). 

In Figure 5, an SS/SR domain F501 is an SS/SR domain for storing an 
SS/SR control signal which is a communication control signal used by the trunk 
circuit. A DTMF TIME domain F502 is a domain for storing a signal change 
detection time measured by the DTMF signal monitoring portion 103 or 203 as 
described above, and stores time information from 0 to 126 ms. A DV domain 
F503 is a domain for storing a DTMF signal existence signal as described above, 
and stores "0" when there is not a DTMF signal and stores "1" when there is a 
DTMF signal. 

And a DTMF CODE domain F504 uses its upper 4 bits as a DTMF cell 
class domain F504a used for notification of the class information of a DTMF cell 
and uses its lower 4 bits as a DTMF code domain F504b used for notification of the 
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value information of a DTMF signal (DTMF code information). That is to say, the 
DTMF cell class domain F504a notifies that this DTMF cell is a DTMF ON/OFF 
cell for sending out a signal to send or stop a DTMF signal, or a silence cell for 
showing sending of a silence signal, or a silence canceling cell for showing stop of 
sending a silence signal. And the DTMF code domain F504b notifies one of "0" to 
"9", *'*", "#", and "A" to "D" each of which is a DTMF code of a DTMF signal. A 
silence cell, a silence canceling cell and a DTMF ON/OFF cell are described in 
detail later. 

In Figure 1, there is a case that an extension telephone 44 accommodated 
in the PBX 4 accesses the electronic mail apparatus 58 accommodated in the PBX 5, 
and a speech connection is performed through the PBX 4, the ATM multiplexer 1, 
the ATM network 3, the ATM multiplexer 2 and the PBX 5, and a PB signal which 
is one of DTMF signals is sent out from the extension telephone 44, and the 
electronic mail apparatus 58 is controlled. 

Taking as an example such a case as this, a DTMF signal transmission 
method for transmitting a DTMF signal from the PBX 4 side to the PBX 5 side is 
described in the following. 

Figure 6 is an operation sequence diagram for explaining a first 
embodiment in relation to operation of a DTMF transmission method of the present 
invention. 

In Figures 2 and 6, when a voice signal is inputted from an extension 
telephone 44 into the ATM multiplexer 1 through the trunk 42 of the PBX 4, the 
ATM multiplexer 1 inputs the voice signal as an input voice signal (l) through the 
trunk circuit interface portion 101 into the voice code compressing portion 104 and 
the DTMF signal detecting portion 102. 

In this embodiment, as an example a case is explained that the input voice 
signal (1) is sent out in order of "voice 1", "DTMF signal (voice 2)" and "voice 3" as 
shown in Figure 6. 

The voice code compressing portion 104 voice-code-compresses as a voice 
signal any of "voice 1", "DTMF signal (voice 2)" and "voice 3". Therefore, since the 
DTMF signal (voice 2) is also processed as a voice signal, a voice-code-compressed 
voice signal (2) is sent out from the voice code compressing portion 104 to the voice 
cell generating portion 106, as shown in Figure 6. Hereupon, it is assumed that 
the voice code compressing portion 104 needs a processing time Va for a voice code 
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compression process. 

The voice cell generating portion 106 produces one after another CPSPDU 
Payloads for a voice cell shown in Figure 4(a) from the voice-code-compressed voice 
signal (2), and generates a voice cell by adding an ATM header and an STF to them 
and sends out the voice cell to the cell multiplexing portion 107. 

On the other hand, the DTMF signal detecting portion 102 receives a voice 
signal (input voice signal (l)) and always monitors the content of the voice signal. 
And it judges a DTMF signal on the basis of a judgement time Dt required for a 
DTMF judgement, and when it has received a DTMF signal (voice 2), it brings a 
first DTMF detection signal into an ON state and outputs it. 

When recognizing that the first DTMF detection signal outputted from the 
DTMF signal detecting portion 102 is in an ON state, the DTMF cell generating 
portion 105 produces a CPS-PDU Pay load for a DTMF cell shown in Figure 4(b), 
stores the code of a silence cell into the DTMF cell class domain F504a of the 
DTMF CODE domain F504, generates a DTMF cell by adding an ATM header and 
an STF to this, and sends out this DTMF cell to the cell multiplexing portion 107. 

And the DTMF signal monitoring portion 103 samples a first DTMF 
detection signal from the DTMF signal detecting portion 102 at intervals of 1 ms 
for example and detects a change point of ON/OFF states of the first DTMF 
detection signal, and when a state change is detected (when the state is changed 
from an ON state to an OFF state, or when the state is changed from an OFF state 
to an ON state), it requests the DTMF cell generating portion 105 to send out a 
DTMF cell. The DTMF signal monitoring portion 103 has a DTMF guard function 
set on it, and in case that an ON state is not kept for a time not shorter than a 
predefined guard time Gt, it performs a process in which it is not consider that the 
first DTMF detection signal has changed from an OFF state to an ON state. 

Therefore, in case that the DTMF signal detecting portion 102 has detected 
a DTMF signal (voice 2) as shown in Figure 6 and continues outputting an ON 
state of a first DTMF detection signal for a time not shorter than a guard time Gt, 
the DTMF signal monitoring portion 103 outputs a second DTMF detection signal 
being in an ON state. And at the same time, the DTMF signal monitoring portion 
103 notifies the DTMF cell generating portion 105 of value information of a DTMF 
signal (DTMF code information) and a signal change detection time obtained by 
adding a guard time Gt to a time from a point of time of detecting the DTMF signal 
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(a point of time when a second DTMF detection signal has come into an ON state) 
to a point of time when a first DTMF detection signal from the DTMF signal 
detecting portion 102 has changed from an ON state to an OFF state. 

A guard time Gt is set (stored) in a flash ROM provided in the DTMF 
signal monitoring portion 103 and can be properly set by the management terminal 
apparatus 8 or the centralized management terminal apparatus 7, but a detailed 
explanation for this setting is described later. 

When the DTMF cell generating portion 105 recognizes that a second 
DTMF detection signal from the DTMF signal monitoring portion 103 has changed 
into an ON state and receives a signal change detection time and value information 
of a DTMF signal (DTMF code information) from the DTMF signal monitoring 
portion 103, it generates a CPS-PDU Payload for a DTMF cell shown in Figure 4(b) 
and stores the signal change detection time into the DTMF TIME domain F502, "1" 
which means there is a DTMF signal into the DV domain, a code representing a 
DTMF ON/OFF cell into the DTMF cell class domain F504a of the DTMF CODE 
domain 504, and a DTMF code showing the value of a received DTMF signal into 
the DTMF code domain F504b, and generates a DTMF cell (hereinafter referred to 
as a "DTMF ON cell") by adding an ATM header and an STF to them, and sends 
out this DTMF cell to the cell multiplexing portion 107. 

And when the DTMF signal detecting portion 102 recognizes that a DTMF 
signal is not detected and changes a first DTMF detection signal from an ON state 
to an OFF state and the DTMF cell generating portion 105 detects that the first 
DTMF detection signal has changed into an OFF state, the DTMF cell generating 
portion 105 generates a CPS-PDU Payload for a DTMF cell shown in Figure 4(b) 
and stores the code of a silence canceling cell into the DTMF cell class domain 
F504a of the DTMF CODE domain F504 shown in Figure 5, and generates a DTMF 
cell by adding an ATM header and an STF to them (hereinafter referred to as a 
"silence canceling cell") and sends out this DTMF cell to the cell multiplexing 
portion 107. 

Furthermore, when the DTMF signal monitoring portion 103 recognizes 
that a DTMF signal is not detected and changes a second DTMF detection signal 
from an ON state to an OFF state and the DTMF cell generating portion 105 
detects that the second DTMF detection signal has changed into an OFF state, the 
DTMF cell generating portion 105 generates a CPS-PDU Payload for a DTMF cell 



002.1150356.1 



- 15 - 



shown in Figure 4(b) and stores "0" which means that there is not a DTMF signal 
into the DV domain shown in Figure 5 and a code representing a DTMF ON/OFF 
cell into the DTMF cell class domain F504a of the DTMF CODE domain 504, and 
generates a DTMF cell by adding an ATM header and an STF to them (hereinafter 
referred to as a "DTMF OFF cell") and sends out this DTMF OFF cell to the cell 
multiplexing portion 107. 

The cell multiplexing portion 107 transmits ATM cells (DTMF cells or 
voice cells) generated by the DTMF cell generating portion 105 or the voice cell 
generating portion 106 in order of cell transmission requests through the ATM 
network interface portion 108 and the ATM network 3 to the opposite ATM 
multiplexer 2. In case that the DTMF cell generating portion 105 and the voice 
cell generating portion 106 have issued cell transmission requests at the same time, 
a DTMF cell from the DTMF cell generating portion 105 is processed with priority. 
As a result, therefore, the ATM multiplexer 1 sends out voice cells successively 
from a point of time (I) of Figure 6, and sends out a silence cell at a point of time 
(II) during the transmission, a DTMF ON cell at a point of time (III), a silence 
canceling cell at a point of time (IV), and a DTMF OFF cell at a point of time (V). 

Next, operation of the ATM multiplexer 2 at the ATM cell reception side is 
described. 

The ATM multiplexer 2 receives an ATM cell (voice cell or DTMF cell) after 
the lapse of a transmission delay time D caused by a transit trunk and the like. 

When the cell demultiplexing portion 209 receives an ATM cell through 
the ATM network interface portion 208, it reads information stored in the VF 
domain in the CPS-PH portion F401 of the ATM cell as shown in Figure 4(a) or (b), 
judges whether the received ATM cell is a voice cell or a DTMF cell, sends out this 
received ATM cell to the voice decomposing portion 211 in case that it is a voice cell, 
and sends out this received ATM cell to the DTMF cell decomposing portion 210 in 
case that it is a DTMF cell. 

When the voice cell decomposing portion 211 receives a voice cell (received 
voice cell (5)), it performs an ATM header process, a CPS-PH process and the like, 
and extracts and sends out a voice-code-compressed voice signal to the voice code 
expanding portion 214. 

When the voice code expanding portion 214 receives a voice-code- 
compressed voice signal, it decodes/expands and transmits this voice signal to the 
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selector (a) 216 as a voice code expanding portion output (6). Hereupon, it takes a 
decoding process time Vb for decoding/expanding. 

On the other hand, when the DTMF cell decomposing portion 210 receives 
a DTMF cell transmitted at the point of time (II) in Figure 6 and recognizes that it 
is a silence cell, the DTMF cell decomposing portion 210 directs the output 
information switching portion 212 to switch over the selector (a) 216. Namely, the 
output information switching portion 212 recognizes that a silence cell has arrived 
and switches over the selector (a) 216 so that the output of the selector (a) 216 is a 
silence cell sent out from the silence generating portion 215. 

Next, when the DTMF cell decomposing portion 210 receives a DTMF cell 
transmitted at the point of time (III) in Figure 6 and recognizes that it is a DTMF 
ON cell, the DTMF cell decomposing portion 210 directs the output information 
switching portion 212 to switch over the selector (b) 217. Namely, the output 
information switching portion 212 recognizes that a DTMF ON cell has arrived and 
switches over the selector (b) 217 so that the output of the selector (b) 217 is a 
DTMF signal sent out from the DTMF signal generating portion 213. 

And at the same time as this, the DTMF cell decomposing portion 210 
notifies the DTMF signal generating portion 213 of a signal change detection time 
and value information of a DTMF signal (DTMF code information) contained in the 
received DTMF ON cell, and directs the DTMF signal generating portion 213 to 
generate a DTMF code corresponding to these information contents and send out 
the DTMF code as a DTMF signal generating portion output (7). At this time, 
therefore, the selector (b) 217 reproduces and outputs a DTMF signal 
corresponding to the signal change detection time and value information of a 
DTMF signal (DTMF code information) contained in the received DTMF ON cell. 

Next, when the DTMF cell decomposing portion 210 receives a DTMF cell 
transmitted at the point of time (IV) in Figure 6 and recognizes that it is a silence 
canceling cell, the DTMF cell decomposing portion 210 directs the output 
information switching portion 212 to switch over the selector (a) 216. Namely, the 
output information switching portion 212 recognizes that a silence canceling cell 
has arrived and switches over the selector (a) 216 so that the output of the selector 
(a) 216 is a voice signal outputted from the voice code expanding portion 214. 

And when the DTMF cell decomposing portion 210 receives a DTMF cell 
transmitted at the point of time (V) in Figure 6 and recognizes that it is a DTMF 
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OFF cell, the DTMF cell decomposing portion 210 directs the output information 
switching portion 212 to switch over the selector (a) 216 and the selector (b) 217. 
Namely, the output information switching portion 212 recognizes that a DTMF 
OFF cell has arrived and controls the selector (a) 216 and the selector (b) 217 so 
that the output of the selector (a) 216 is a silence signal outputted from the silence 
generating portion 215 and the output of the selector (b) 217 is the output from the 
selector (a) 216 and thereby a silence signal is outputted from the selector (b) 217. 
And the output information switching portion 212 counts by a timer that a silence 
signal has been sent out for a fixed time Et from the selector (b) 217 and then 
switches over the selector (a) and switches over the selector (b) 217 so that the 
output from the selector (b) 217 becomes the output from the selector (a) 216 (voice 
signal output from the voice code expanding portion 214). 

The fixed time Et is used for preventing an echo caused by circular cross 
talk of a DTMF signal sent out by the DTMF signal generating portion 213. 

As a result of the above-mentioned operation, the output from the selector 
(b) 217 becomes an output voice signal (9) shown in Figure 6 and this output voice 
signal is transmitted through the trunk circuit interface portion 201 to the PBX. 
Accordingly, a voice-code-compressed/expanded DTMF signal is not inputted into a 
voice terminal apparatus of a PBX and the like but can be exactly transmitted. 

Next, a composition and a method for setting a guard time Gt on the 
DTMF signal monitoring portion 103 are described. 

Figure 8 is a diagram showing the composition of a system and ATM 
multiplexer for making it possible to optionally set a guard time Gt. 

In Figure 8, the ATM multiplexer 1 is provided with a DTMF signal 
monitoring portion 103 as described above, and this DTMF signal monitoring 
portion 103 is provided with a flash ROM (F-ROM) 103a for storing a guard time 
Gt in it. 

In addition to this, the ATM multiplexer 1 is provided with an ATM multiplexer 
managing portion 118, a management terminal interface portion 119 for acting an 
interface with the management terminal apparatus 8 and a public network 
interface portion 120 for acting an interface with a public network 6 such as ISDN 
and the like. 

The ATM multiplexer managing portion 118, which has a function of 
writing (or rewriting) contents (data) into the flash ROM 103a in the ATM signal 
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monitoring portion 103, operates according to a setting operation from the 
management terminal apparatus 8 connected to the management terminal 
interface portion 119 or the centralized management terminal apparatus 7 
connected through a public network 6 to the public network interface portion 120. 
Namely, the ATM multiplexer 1 makes it possible to set a guard time Gt being the 
most suitable for the whole system configuration into the flash ROM 103a by 
manually operating the centralized management terminal apparatus 7 or the 
management terminal apparatus 8. 

And in the same way as the ATM multiplexer 1, the ATM multiplexer 2 is 
provided with a DTMF signal monitoring portion 203, being provided with a flash 
ROM (F-ROM) 203a for storing a guard time Gt in it, an ATM multiplexer 
managing portion 218, a management terminal interface portion 219 for acting as 
an interface with a management terminal apparatus 9 and a public network 
interface portion 220 for acting as an interface with a public network 6 such as 
ISDN and the like and thereby makes it possible to set (store) a guard time Gt 
being the most suitable for the whole system configuration into the flash ROM 
203a. 

This embodiment is composed so that either one of 30 ms (milliseconds), 40 
ms, 50 ms, 60 ms, 80 ms, 100 ms, 120 ms, 150 ms, 180 ms, 200 ms and 250 ms can 
be selectively set. In such a way, by making it possible to properly set a guard 
time Gt, it is possible to adapt the system to various communication standards, and 
in case of a communication standard in which the transmission and reception time 
of a DTMF signal should be not less than 45 ms, it is possible to adapt the system 
to this communication standard by setting a guard time Gt at 40 ms in 
consideration of a delay time necessary for processing. 

And in case of guaranteeing, for example, 100 ms or more as a DTMF 
signal transmission time of a voice terminal to be connected, it is possible to set a 
guard time Gt at a long time of 100 ms or so, and therefore even in case that a voice 
input signal (for example a natural voice input) contains a frequency component of 
a DTMF signal or a frequency component approximate to a frequency component of 
a DTMF signal, the probability of erroneously detecting this voice signal as a 
DTMF signal is very small and thus it is possible to improve the system operation 
in reliability. 

In addition, since this guard time Gt can be set by the centralized 
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management terminal apparatus 7 installed at a remote site, its value can be 
easily changed even after the system comes into an operation state and even in 
case that a phenomenon of erroneously detecting an input voice signal as a DTMF 
signal occurs, it is possible to prevent the phenomenon of erroneously detecting an 
input voice signal as a DTMF signal by quickly changing the value of a guard time 
Gt to a larger value using the centralized management terminal apparatus 7 at the 
remote site, and therefore the serviceability is improved. 

The guard time Gt can be also used by changing over between a value used 
in a call connection (basic value) and a value used in talking. Therefore, in a 
communication standard in which the transmission and reception time of a DTMF 
signal is prescribed to be not less than 45 ms in order to quickly perform a call 
connection, the guard time Gt in a call connection can be set at 40 ms so that the 
transmission time of a DTMF signal is not less than 45 ms and the guard time is 
the shortest time adaptive to this communication standard, and the guard time Gt 
in talking can be set at a larger value of 100 ms in order to prevent detecting 
erroneously a voice signal as a DTMF signal. 

Furthermore, in the DTMF signal monitoring portion 103, in case that a 
guard time Gt is not set in the flash ROM 103a or in case of a call connection, the 
system can be composed so as to fixedly use as a guard time Gt the smallest value 
(for example 40 ms) of the transmission and reception time of a DTMF signal being 
conformable to a communication standard, and by doing so, a system setting 
operation can be efficiently performed from the centralized management terminal 
apparatus 7 or the management terminal apparatus 8. 

Next, operation of a second embodiment in case that a DTMF guard 
function is not set in the DTMF signal monitoring portion 103 of the ATM 
multiplexer 1 is described. 

Figure 7 is an operation sequence diagram for explaining a second 
embodiment in relation to operation of a DTMF transmission method of the present 
invention. 

In Figures 2 and 7, the voice code compressing portion 104 voice-code- 
compresses as a voice signal any of "voice 1", "DTMF signal (voice 2)" and "voice 3", 
and as shown in Figure 7, a voice-code-compressed voice signal (2) is sent out from 
the voice code compressing portion 104 to the voice cell generating portion 106. 
Hereupon, it is assumed that the voice code compressing portion 104 needs a 
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processing time Va for a voice code compression process. 

The DTMF signal detecting portion 102 receives a voice signal (input voice 
signal (l)) and always monitors the content of the signal. And it judges a DTMF 
signal on the basis of a judgement time Dt required for a DTMF judgement, and 
when it has received a DTMF signal (voice 2), it brings a first DTMF detection 
signal into an ON state. 

On the other hand, when recognizing that the first DTMF detection signal 
outputted from the DTMF signal detecting portion 102 has changed into an ON 
state, the DTMF cell generating portion 105 generates and sends out a silence cell 
to the cell multiplexing portion 107. 

And since, when the DTMF signal detecting portion 102 has detected a 
DTMF signal (voice 2), the DTMF signal monitoring portion 103 also detects the 
DTMF signal (voice 2) approximately at the same time, the DTMF signal 
monitoring portion 103 changes a second DTMF detection signal from an ON state 
to an OFF state and notifies the DTMF cell generating portion 105 of a signal 
change detection time and value information of DTMF (DTMF code information). 

When the DTMF cell generating portion 105 recognizes that a second 
DTMF detection signal from the DTMF signal monitoring portion 103 has changed 
into an ON state and receives a signal change detection time and value information 
of a DTMF signal (DTMF code information) from the DTMF signal monitoring 
portion 103, it generates a DTMF ON cell, as shown in Figure 5, which has the 
signal change detection time stored in the DTMF TIME domain F502, "1" which 
means there is a DTMF signal stored in the DV domain, a code representing the 
value of a DTMF ON/OFF cell stored in the DTMF cell class domain F504a of the 
DTMF CODE domain 504, and a code representing the value of a received DTMF 
signal stored in the DTMF code domain F504b, and sends out this DTMF ON cell 
to the cell multiplexing portion 107. 

And when the DTMF signal detecting portion 102 recognizes that a DTMF 
signal is not detected and changes a first DTMF detection signal from an ON state 
to an OFF state and the DTMF cell generating portion 105 detects that the first 
DTMF detection signal has been in an OFF state, it generates a silence canceling 
cell and sends out this silence canceling cell to the cell multiplexing portion 107. 

Furthermore, when the DTMF signal monitoring portion 103 recognizes 
that a DTMF signal is not detected and changes a second DTMF detection signal 
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from an ON state to an OFF state and the DTMF cell generating portion 105 
detects that the second DTMF detection signal has been in an OFF state, it 
generates a DTMF OFF cell and sends out this DTMF OFF cell to the cell 
multiplexing portion 107. 

The cell multiplexing portion 107 transmits ATM cells (DTMF cells or 
voice cells) generated by the DTMF cell generating portion 105 or the voice cell 
generating portion 106 in order of cell transmission requests through the ATM 
network interface portion 108 and the ATM network 3 to the opposite ATM 
multiplexer 2. In case that the DTMF cell generating portion 105 and the voice 
cell generating portion 106 have issued cell transmission requests at the same time, 
a DTMF cell from the DTMF cell generating portion 105 is processed with priority. 
As a result, therefore, the ATM multiplexer 1 sends out voice cells successively 
from a point of time (VI) of Figure 7, and sends out a silence cell and a DTMF ON 
cell at a point of time (VII) during the transmission, and a silence canceling cell 
and a DTMF OFF cell at a point of time (VIII). 

Next, operation of the ATM multiplexer 2 at the ATM cell receiving side is 
described. 

The ATM multiplexer 2 receives an ATM cell (voice cell or DTMF cell) after 
the lapse of a transmission delay time D caused by a transit trunk and the like. 

When the cell demultiplexing portion 209 receives an ATM cell through 
the ATM network interface portion 208, it judges whether the received ATM cell is 
a voice cell or a DTMF cell, sends out this received ATM cell to the voice 
decomposing portion 211 in case that it is a voice cell, and sends out this received 
ATM cell to the DTMF cell decomposing portion 210 in case that it is a DTMF cell. 

When the voice cell decomposing portion 211 receives a voice cell (received 
voice cell (5)), it performs an ATM header process, a CPSPH process and the like, 
and extracts and sends out a voice-code-compressed voice signal to the voice code 
expanding portion 214. 

When the voice code expanding portion 214 receives a voice-code- 
compressed voice signal, the voice code expanding portion 214 decodes and 
transmits it to the selector (a) 216 as a voice code expanding portion output (6). 
Hereupon, it takes a decoding process time Vb for decoding. 

On the other hand, when the DTMF cell decomposing portion 210 
recognizes a silence cell and a DTMF ON cell transmitted at the point of time (VII) 
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in Figure 7, the DTMF cell decomposing portion 210 directs the output information 
switching portion 212 to switch over the selector (a) 216 and selector (b) 217 so that 
the output of the selector (a) 216 is a silence signal outputted from the silence 
generating portion 215 and the output of the selector (b) 217 is a DTMF signal 
outputted from the DTMF signal generating portion 213. 

And at the same time as this, the DTMF cell decomposing portion 210 
notifies the DTMF signal generating portion 213 of a signal change detection time 
and value information of a DTMF signal (DTMF code information) contained in the 
received DTMF ON cell, and directs the DTMF signal generating portion 213 to 
generate and send out a DTMF code corresponding to these information contents as 
a DTMF signal generating portion output (7). At this time, therefore, the selector 
(b) 217 outputs a DTMF signal corresponding to the signal change detection time 
and value information of a DTMF signal (DTMF code information) contained in the 
received DTMF ON cell. 

Next, when the DTMF cell decomposing portion 210 recognizes a silence 
canceling cell and a DTMF OFF cell transmitted at the point of time (VIII) in 
Figure 7, the DTMF cell decomposing portion 210 directs the output information 
switching portion 212 to switch over the selector (b) 217 so that the output of the 
selector (b) 217 is the output from the selector (a) 216 and a silence signal is sent 
out from the selector (b) 217. 

And the output information switching portion 212 counts by a timer that a 
fixed time Et has elapsed after recognizing reception of a DTMF OFF cell, and then 
switches over the selector (a) and switches over the selector (b) 217 so that the 
output from the selector (b) 217 becomes the output from the selector (a) 216 (voice 
signal output from the voice code expanding portion 214). 

As a result of the above-mentioned operation, the output from the selector 
(b) 217 becomes an output voice signal (9) shown in Figure 7 and this output voice 
signal is transmitted through the trunk circuit interface portion 201 to the PBX. 
Accordingly, a voice-code-compressed/expanded DTMF signal is not inputted into a 
voice terminal apparatus of a PBX and the like but can be exactly transmitted in a 
short time. 

In such a way, not only a voice signal but also a DTMF signal can be 
exactly transmitted from an extension telephone 44 of the PBX 4 to the voice mail 
apparatus 58. 
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As described above, the DTMF signal monitoring portion 103 or 203 has a 
function of notifying the DTMF cell generating portion 105 or 205 of the DTMF 
signal status information showing a state where a DTMF signal is periodically 
detected at intervals of a predetermined time (for example, intervals of one second) 
or a state where it is not detected. And the DTMF cell generating portion 105 or 
205 sends out a DTMF ON cell or a DTMF OFF cell on the basis of this notification. 

Since this embodiment is composed so that after the ATM multiplexer 
which has received a DTMF ON cell sends out a DTMF signal it receives a DTMF 
OFF cell and then stops a DTMF signal, this function is necessary. That is to say, 
this function prevents a state that a DTMF OFF cell is lost in the ATM network 
due to a failure or an erroneous operation of the ATM network and therefore the 
ATM multiplexer cannot receive the DTMF OFF cell and continues to send out a 
DTMF signal. 

According to the present invention, in a communication system using a 
voice code compression, by encoding and transmitting a DTMF signal and 
processing a DTMF signal to be transmitted as a voice signal into a silence signal, 
it is possible to reproduce the DTMF signal within a prescribed value and transmit 
the DTMF signal without error. 

Accordingly, even in case of connecting voice terminal apparatuses of PBXs 
and the like to each other by means of communication apparatuses having a voice 
code compression function such as ATM multiplexers, it is possible to use value- 
added communication services such as an operation service of a voice mail 
apparatus by means of DTMF signals as well as a mail forwarding service, a voice 
guidance service and the like. 

And adding a DTMF guard function to a DTMF signal monitoring portion 
brings an effect of reducing a frequency at which an input voice signal is 
erroneously detected as a DTMF signal. 
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